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SUBSONIC AND SUPERSONIC AERODYNAMIC CHARACTERISTICS OF 


A SUPERSONIC CRUISE FIGHTER MODEL WITH A TWISTED 

AND CAMBERED WING WITH 74° SWEEP 

Odell A. Morris 
Langley Research Center 


SUMMARY 

A wind-tunnel investigation has been conducted in the Mach number range 
from 0.60 to 2.96 at a Reynolds number of 6.56 x io^ per meter to determine the 
longitudinal and lateral aerodynamic characteristics of a model of a supersonic 
cruise fighter configuration with a design Mach number of 2.60. The configura- 
tion is characterized by a highly swept arrow wing twisted and cambered to mini- 
mize supersonic drag due to lift, twin wing-mounted vertical tails, and an aft- 
mounted integral underslung dual-engine pod. The investigation also included 
tests of the configuration with larger outboard vertical tails and with small 
nose strakes. 

Results of the investigation showed that the maximum values of lift-drag 
ratio for the complete basic configuration varied from about 7.5 at subsonic 
speeds to about 6.3 at the design Mach number of 2.60. The complete configura- 
tion had sufficient positive zero-lift pitching moment so that for conditions of 
neutral subsonic stability, trimmed supersonic cruise flight could be maintained 
with little or no trim drag. Only the configuration with the large vertical and 
ventral tails indicated positive levels of directional stability for lift coeffi- 
cients up to 0.1 at a Mach number of 2.60. The addition of nose strakes to the 
model also provided small improvements in directional stability at the higher 
lift coefficients. 


INTRODUCTION 

As a result of current U.S. Air Force interest in supersonic cruise (Super- 
cruiser) fighter aircraft, the National Aeronautics and Space Administration has 
undertaken a research program to advance the aerodynamic technology underlying 
the design of such vehicles. Beyond building an appropriate aerodynamic data 
base, specific purposes of the program are to assess the applicability of cur- 
rent "slender-body" design methods to such low-fineness-ratio configurations and 
to define promising configuration concepts over a range of supersonic Mach num- 
bers. Initial analytical and experimental results of the effort have been pre- 
sented in references 1 and 2. 

This paper presents the results of tests of that configuration having the 
highest design cruise Mach number (2.60) of the series. The configuration is 


characterized by a highly swept and warped arrow wing, twin wing-mounted verti- 
cal tails, and an integral aft-mounted underslung dual-engine pod. 

Wind-tunnel tests of the basic configuration were conducted in the Langley 
8-foot transonic pressure tunnel and in the Langley Unitary Plan wind tunnel 
over a range of Mach numbers from 0.60 to 2.96 and at a Reynolds number of 
6.56 X 10^ per meter. Tests over a limited supersonic range were made of the 
configuration with small nose strakes and with larger vertical and ventral 
tails. Results are presented with limited analysis. 


SYMBOLS 


The data in the present investigation are referenced to the body-axis sys- 
tem except for the lift and drag coefficients which are referenced to the 
stability-axis system. The moment reference center is located on the body axis 
84.51 cm rearward of the nose of the model at a longitudinal station correspond- 
ing to 73 percent of the body length. Values are given in SI units. 


b 

^D,0 

Cl 

Cl 

Cig 

Cm 

Cm, 0 
30^/3 Cl 
Cn 
Cng 

Cy 

c 

L/D 

I 

M 


reference wing span, 60.040 cm 
drag coefficient, Drag/qS 
drag coefficient at zero lift 
lift coefficient, Lift/qS 
rolling-moment coefficient 

effective dihedral parameter, 9C^/33 at 3=0° 
pitching-moment coefficient. Pitching moment/qSc 
pitching-moment coefficient at zero lift 

longitudinal stability parameter (or static margin, percent c) 

yawing-moment coefficient. Yawing moment/qSb 

directional stability parameter, 80^/38 at 3=0° 

side-force coefficient. Side force/qS 

side-force parameter, 9Cy/33 at 3=0° 

mean aerodynamic chord of reference wing, 46.640 cm 

lift-drag ratio 

fuselage length 

free-stream Mach number 
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q free-stream dynamic pressure, Pa 

S reference wing area including fuselage intercept and outboard wing- 

tips, 0.210 

X distance from nose measured along body axis 

a angle of attack, deg 

B angle of sideslip, deg 

Subscript: 

max maximum 

Model component designations: 

S nose strakes 

V-| small vertical tails and small ventral fins 

V 2 large vertical tails and small ventral fins 

V 3 large vertical tails and large ventral fins 

WB combination of wing, body, and engine pod without vertical 

or ventral tails 


DESCRIPTION OF MODEL 

The dimensional details of the wind-tunnel model are shown in figure 1 . 
Figure 2 shows the cross-sectional development of the fuselage and propulsion 
pod. A photograph of the model in the Langley Unitary Plan wind tunnel is shown 
in figure 3. Additional geometric characteristics are listed in table I. 

As noted previously, the present configuration represents the upper end in 
cruise speed of the series of configurations being investigated in the super- 
cruiser technology program. The present concept involves primarily a high- 
speed, high-altitude cruise vehicle; little consideration is given to maneuver- 
ability. Thus, the concept has much in common with the supersonic commercial 
transport (SSTK In fact, not only does the concept borrow heavily from the SST 
aerodynamic technology, but the wind-tunnel model itself is a rework of the very 
high performance SST wind-tunnel model (designated SCAT 15F) of reference 3. As 
indicated in figure 1 (a), the model of the present tests was constructed by mold 
ing the fighter fuselage over the basic SCAT 15F wing-body-fin model and by inte 
grating the dual-engine pod. Although this model construction scheme had the 
advantage of speed, the construction did impose physical constraints which lim- 
ited the extent to vrtiich optimization could have been achieved. A camber and 
twist distribution which might have resulted in a slightly better drag due to 
lift and in improved self -trimming properties (obviating near neutral stability 
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at subsonic speeds to achieve trim drag-free cruise) is just such a design fea- 
ture precluded by the process. 

Additional components of the wind-tunnel model are shown in figure Kb) and 
figure 1(c). These components are the enlarged vertical tail, the ventral fin, 
and the fuselage nose strakes, each of which was designed to improve the direc- 
tional stability which was expected to be degraded from that of the original 
wing-body-fin model vrtien the forward fuselage with the large side area was 
added . 


TESTS AND CORRECTIONS 

Static longitudinal and lateral aerodynamic characteristics of the model 
were measured in the Langley 8-foot transonic pressure tunnel and in the Langley 
Unitary Plan wind tunnel. Tests were made through an angle-of-attack range of 
about -6° to 9° at angles of sideslip of 0° and 2°. The dewpoint was maintained 
sufficiently low to prevent measurable condensation effects in the test section. 
Other test conditions for both tunnels are sumnarized in the following table; 


Mach 

number 

Stcignation pressure, 
kPa 

Stagnation temperature, 
K 

Reynolds number 
per meter 

0.60 

63.54 

322 

6.56 X iq6 

.80 

53.86 

322 

6.56 

.90 

51.13 

322 

6.56 

.95 

49.94 

322 

6.56 

.97 

49.80 

322 

6.56 

1 .80 

58.46 

339 

6.56 

2.00 

63.54 

339 

6.56 

2.30 

73.35 

339 

6.56 

2.60 

85.70 

339 

6.56 

2.96 

103.85 

339 

6.56 


The angles of attack and sideslip were corrected for the deflection of the 
balance and sting under aerodynamic load and for tunnel flow angularity. The 
balance-chamber pressure and the base pressure were measured, and the drag force 
was adjusted until the base pressure equaled free-stream static pressure. In 
addition, the drag results have been corrected for the internal skin friction 
drag of the engine pod. 

To assure a turbulent boundary-layer condition in the supersonic Mach num- 
ber range, 0.l6-cm-wide transition strips of No. 60 carborundum grit were 
applied 1.02 cm from the nose of the body and 1.02 cm (measured streamwise) from 
the leading edges of the wing and vertical tails. Transition strips were also 
located 1.02 cm from the inlets on both the outer and inner surfaces of the 
engine pod with No. 60 carborundum grit on the outer surface and No. 80 carbo- 
rundum grit on the inner surface. For tests in the subsonic Mach number range 
(M = 0.60 to 0.97), strips of No. 80 carborundum grit were used instead of the 
larger grit used at higher Mach numbers. 
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PRESENTATION OF RESULTS 


The results of the investigation are presented in the figures as outlined 

here. 


Figure 


Comparison of longitudinal aerodynamic characteristics in pitch 
for complete basic model configuration with and without small 
vertical and ventral tails M 

Effect of vertical and ventral tail size on aerodynamic 

characteristics in pitch 5 

Effect of nose strakes on aerodynamic characteristics in pitch 6 

Summary of longitudinal aerodynamic parameters 7 

Comparison of lateral aerodynamic characteristics for complete basic 
model configuration with and without small vertical and ventral 
tails 8 

Effect of vertical and ventral tail size on lateral aerodynamic 

characteristics 9 

Effect of fuselage nose strakes on lateral aerodynamic 

characteristics 10 

Summary of static directional stability characteristics at various 
lift coefficients with and without various vertical tails and 
nose strakes 11 


DISCUSSION 

Longitudinal Aerodynamic Characteristics 

Figure 4 presents the longitudinal aerodynamic characteristics of the com- 
plete basic model configuration with and without the small vertical and ventral 
tails. The configuration exhibits reasonably linear pitching-moment character- 
istics at all Mach numbers except in the higher lift coefficient range. At the 
higher lift coefficients (above Cl • 0.20), the pitching-moment curves showed 
a slight tendency toward pitch-up which was somewhat more pronounced in the sub- 
sonic speed range. This behavior is presumably associated with flow separation 
in the region of the wingtips since the addition of the outboard vertical tails 
to the wing body shows a decrease in the pitch-up tendency. 

The effects on longitudinal aerodynamic characteristics of increased verti- 
cal and ventral tail size and of fuselage nose strakes are shown in figures 5 
and 6, respectively. Slightly increased drags where tail size is increased and 
an increased pitch-up tendency at the highest lift coefficients for the straked 
configuration are the discernible longitudinal effects. 
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A summary plot of the longitudinal aerodynamic parameters is shown in fig- 
ure 7 for the basic model and for the model with the large tails. The data show 
that the maximum values of the lift-drag ratio for the basic configuration var- 
ied from about 7.5 at subsonic speeds to about 6.3 at the design Mach number of 
2.60. It should be noted, however, that the tests of the model in the subsonic 
range were very limited and made no attempt to obtain higher L/D values 
through the use of variable leading- and trailing-edge flaps which have previ- 
ously been demonstrated to be very effective for SST configurations in this 
speed range (ref. 4). 

Static longitudinal stability 3 Cjj,/9Cl is seen to be essentially constant 
throughout the measured supersonic speed range at essentially the same value 
(-0.10) as for Mach number 0.95. From Mach number 0.95 down to Mach number 0.60, 
a sharper change to a value of -0.055 is shown. In the transonic speed range 
where present data are sparse, data from the more extensive tests of the SCAT 15F 
configuration (ref. 4) reveal an increase in stability to a peak value some 
3.5-percent c beyond the supersonic and Mach number 0.95 values. It should be 
noted that the g values shown in this summary figure tend to peak in the 
same speed range as the longitudinal stability. This peak shows a compensatory 
effect which could minimize or eliminate trim drag across the entire speed 
range. In fact, in the subsonic range, slightly positive control deflection 
which has been shown to improve lift-drag ratio would be required for trim. 


Lateral Aerodynamic Characteristics 

Figures 8, 9, and 10 show the static lateral aerodynamic characteristics of 
the basic model, with and without the small vertical and ventral tails, with 
larger vertical and ventral tails, and with fuselage nose strakes, respectively. 
Figure 1 1 summarizes the static directional aerodynamic characteristics from 
these data, portraying Cjj„ as a function of Mach number at lift coefficients 
of 0.0, 0.1, and 0.2. ^ 

The addition of the small vertical and ventral tails produced a stabilizing 
increment in Cj^^ which was insufficient to provide positive directional sta- 
bility in any practical operating range. The increased relative instability of 
the present configuration when compared with the progenitor SST configuration is 
attributable primarily to the increased forward-fuselage side area. The addi- 
tion of the larger vertical and ventral surfaces is seen to provide large stabi- 
lizing increments in as might be expected with the increase in tail area. 

Fuselage forebody strakes produced little if any change in in the limited 

p 

Mach number range over which strakes were tested until relatively high lift coef- 
ficients were reached. Within the range of the tests, no combination of compo- 
nents provides positive static directional stability beyond a lift coefficient 
of 0.1 (near design cruise) at speeds equal to or greater than the design Mach 
number of 2.60. 
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SUMMARY OF RESULTS 


A wind-tunnel investigation has been conducted in the Mach number range 
from 0.60 to 2.96 at a Reynolds number of 6.56 x 10^ per meter to determine the 
longitudinal and lateral aerodynamic characteristics of a model of a supersonic 
cruise fighter configuration with a design Mach number of 2.60. The configura- 
tion is characterized by a highly swept arrow wing twisted and cambered to mini- 
mize supersonic drag due to lift, twin wing-mounted vertical tails, and an aft- 
mounted integral underslung dual-engine pod. The investigation also included 
tests of the configuration with larger outboard vertical tails and with small 
nose strakes. The following results were indicated: 

1 . The maximum values of lift-drag ratio for the complete basic configura- 
tion varied frcxn about 7.5 at subsonic speeds to about 6.3 at the design Mach 
number of 2.60. 

2. The complete configuration had sufficient positive zero-lift pitching 
moment so that for conditions of neutral subsonic stability, trimmed supersonic 
cruise flight could be maintained with little or no trim drag. 

3. Directional stability showed the expected improvements with increased 
vertical and ventral tail area and an improvement with the addition of fuselage 
nose strakes at the higher lift coefficients. At and above the cruise Mach num- 
ber of 2.60, however, static directional stability was not demonstrated above a 
lift coefficient of 0.1. 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
May 19, 1977 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 


Wing: 

Aspect ratio 1.717 

Span, cm 60.046 

Area , 0.21 

Root chord at fuselage center line, cm 71.790 

Tip chord, cm 3.574 

Mean aerodynamic chord, cm 46.650 

Thickness-chord ratio, root 0.032 

Thickness-chord ratio, tip 0.027 

Fuselage : 

Length, cm 116.20 

Vertical tails: 

Small vertical area (each), m^ 0.0072 

Small ventral area (each), m^ 0.0045 

Large vertical area (each), m^ 0.0117 

Large ventral area (each), m^ 0.0078 

Airfoil section Half-circular arc 

Engine pod: 

Length, cm 49.530 

Capture area, m^ 0.035 

Duct internal wetted area, m^ 0.133 

Inlet internal half -angle, deg 3.150 

Inlet external half-angle, deg 22.890 

Model volume: 

Fuselage volume, m3 0.00406 

Wing-fuselage volume (total), m3 .... 0.00571 

v2/3/s 0.1521 
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Figure 3.- Photograph of test model in Langley Unitary Plan wind tunnel. 
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(a) M = 0.60. 


Figure 4.- Comparison of longitudinal aerodynamic characteristics in pitch for 
complete basic model configuration with and without small vertical and 
ventral tails. 






(a) M = 0.60, concluded. 
Figure 4.- Continued. 
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(b) M = 0.80. (Data for complete model only.) 
Figure 4.- Continued. 


16 




(b) M = 0.80, concluded. (Data for complete model only.) 
Figure 4.- Continued. 
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(c) M = 0.90. 


Figure 4.- Continued. 
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(c) M = 0.90, concluded. 
Figure 4.- Continued. 
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(d) M = 0.95. (Data for complete model only.) 
Figure 4.- Continued. 
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(e) M = 0.97. 
Figure 4.- Continued. 
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(f) M = 1.80, concluded. 


Figure 4.- Continued. 
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(g) M = 2.00, concluded. 


Figure 4.- Continued. 
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(h) M = 2.30. 
Figure 4 .- Continued. 
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(h) M = 2.30, concluded. 


Figure 4 .- Continued. 
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(i) M = 2.60, concluded. 
Figure 4.- Continued. 
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(a) M ,= 1 .80. 

Figure 5.- Effect of vertical and ventral tail size on aerodynamic 

characteristics in pitch. 
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(a) M = 1.80, concluded. 


Figure 5.- Continued. 
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(b) M = 2.00, concluded. 


Figure 5.- Continued. 
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(c) M = 2.60, concluded. 
Figure 5.- Concluded. 
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(a) M = 1.80. 

Figure 6.- Effect of nose strakes on aerodynamic characteristics in pitch. 
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(a) M = 1.80, concluded. 
Figure 6.- Continued. 
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(b) M = 2.00, concluded. 
Figure 6.- Continued. 
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(c) M = 2.60. 
Figure 6.- Continued. 
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(c) M = 2.60, concluded. 
Figure 6.- Concluded. 
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Summary of longi 




(a) M = 0.60. 


Figure 8.- Comparison of lateral aerodynamic characteristics for complete basic 
model configuration with and without small vertical and ventral tails. 
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(b) M = 0.90. 
Figure 8.- Continued. 





a, deg 

(c) M = 0.97. 
Figure 8,- Continued. 
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(d) M = 1.80. 
Figure 8.- Continued 
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(e) M = 2.00. 
Figure 8.- Continued 
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a, deg 

(f) M = 2.30. 
Figure 8.- Continued. 
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(g) M = 2.60. 
Figure 8.- Continued. 
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0, deg 

(h) M = 2.96. 
Figure 8.- Concluded. 
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a, deg 

(b) M = 2.00. 

Figure 9.- Continued. 
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Figure 9.- Concluded. 
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(b) M = 2.00. 
Figure 10.- Continued. 
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(c) M = 2.60. 
Figure 10.- Concluded 
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